The explanation for the excess risk for diabetic renal disease in blacks is uncertain.
Results: During 3 years of follow-up, early renal function decline developed in 45 blacks (28.4 per 1000 person-years [PY] ) and 25 whites (9.6 per 1000 PY). After adjustment for age, sex, and baseline serum creatinine level, early renal function decline was more than 3 times as likely to develop in blacks than whites (odds ratio, 3.15; 95% confidence interval, 1.86-5.33). Additional adjustment for education, household income, health insurance, fasting glucose level, mean systolic blood pressure, smoking history, and physical activity level reduced the relative odds in blacks to 1.38 (95% confidence interval, 0.71-2.69), corresponding to a 82% reduction in excess risk.
Conclusions: These data suggest that early renal function decline is 3 times more likely to develop in blacks than whites and that potentially modifiable factors, including lower socioeconomic status, suboptimal health behaviors, and suboptimal control of glucose level and blood pressure, account for more than 80% of this disparity. Med. 1999; 159:1777 -1783 R ENAL DISEASE is responsible for significant morbidity and mortality among Americans with diabetes mellitus, and treatment costs alone result in an estimated annual expenditure of more than $2 billion. 1 In fact, approximately 40% of all new cases of end-stage renal disease (ESRD) in the United States are due to diabetes, making it the leading cause of ESRD. 2 Furthermore, the prevalence of ESRD among persons with diabetes has been increasing by approximately 16% annually since 1987, a rate surpassing any other cause of ESRD. 2 Although it is well established that blacks with diabetes have an approximately 2-to 3-fold higher risk for development of ESRD compared with whites, the explanation for this disparity is uncertain. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Previous black-white comparisons of diabetic renal disease risk have had several limitations. Some have used suboptimal data on exposures to renal disease risk factors derived from claims data 8, 13, 14 or retrospective surveys. 16 Others have used suboptimal ecological study designs 11, 14 that substitute group data for information that is unavailable on the individual. Finally, some have been based on nonrepresentative samples such as clinic populations with limited generalizability. 5, 12 Moreover, most of these studies focused exclusively on ESRD. Therefore, little is known about differences in the early natural history of renal disease between blacks and whites. In theory, the excess of ESRD among blacks could be due to an increased risk for progression to early renal function decline or to suboptimal medical management once renal insufficiency has developed. Both hypotheses have different implications
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for developing the most effective strategy to prevent ESRD in this population.
We therefore conducted a prospective cohort study to examine factors associated with black-white differences in early renal function decline in a biracial, community-based cohort of middle-aged adults with diabetes. We were particularly interested in whether differences in established and suspected risk factors for diabetic nephropathy (eg, blood pressure and glycemic control, access to health care, and health behaviors) could explain differences in renal disease risk between blacks and whites. Table 1 shows the baseline characteristics of the participants by race. Compared with their white counterparts, blacks were younger, more likely to be female, less likely to have completed high school, more likely to have an annualhouseholdincomebelow$16 000,morelikelytosmoke, and less likely to have health insurance. In addition, blacks had higher average systolic blood pressure, fasting serum glucose level, and body mass index, but a lower leisurerelated physical activity index. Duration of diabetes was similar in the 328 blacks and 547 whites who provided this information (7.4 vs 7.0 years, respectively; P = .48). There was also no difference in mean serum creatinine levels (97.2 vs 97.2 µmol/L [1.1 vs 1.1 mg/dL], respectively; P = .13) or use of angiotensin-converting enzyme inhibitors between blacks and whites at baseline.
RESULTS
BASELINE CHARACTERISTICS
EARLY RENAL FUNCTION DECLINE AT YEAR 3
By year 3, mean serum creatinine levels were higher among blacks than whites (108.7 vs 101.7 µmol/L [1.23
SUBJECTS AND METHODS
SETTING
The Atherosclerosis Risk in Communities (ARIC) study is an on-going prospective study that examines risk factors for subclinical and clinical atherosclerotic disease in a cohort of 15 792 persons, aged 45 to 64 years at baseline. The participants were selected by probability sampling from the following 4 US communities: Forsyth County, North Carolina; Jackson, Miss; the northwest suburbs of Minneapolis, Minn; and Washington County, Maryland. More than 90% of black participants in the study are from Jackson. Sampling procedures and methods are described in detail elsewhere. 17 Our analysis was based on 3 years of followup, which included a baseline visit from January 1, 1986, to December 31, 1989 , and a follow-up clinic visit at year 3 (1990-1992) .
PARTICIPANTS
At baseline, 1886 ARIC participants had diabetes mellitus as defined by the presence of any of the following criteria: use of oral hypoglycemic medication or insulin, self-reported physician diagnosis, fasting serum glucose level of at least 7.0 mmol/L (126 mg/dL), 18 or nonfasting glucose level of at least 11.1 mmol/L (200 mg/dL). We excluded participants who reported ethnicity other than black or white (n = 3), who had baseline creatinine level of at least 176.8 µmol/L (2.0 mg/dL) (n = 27), had missing exposure data (n = 149), died before the year 3 visit (n = 116), were unavailable for follow-up (n = 149), or were missing data on serum creatinine level at the year 3 visit (n = 8). After these exclusions, 1434 participants remained. Compared with their counterparts with complete data, participants who were unavailable for follow-up or had missing data were more likely to be black (68.7% vs 30.3%), to lack insurance coverage (27.1% vs 16.3%), to have household incomes of less than $16 000 per year (53.8% vs 30.2%), and to have not completed a high school education (45.3% vs 36.9%) (all PϽ.001). There were no significant differences with regard to age, sex, fasting serum glucose level, mean systolic blood pressure, smoking history, leisure physical activity level, baseline serum creatinine level, or serum creatinine level change during 3 years of follow-up.
EXPOSURE ASSESSMENT
Baseline examination included interviews in the home and clinic, physical examinations, and laboratory measurements. Participants fasted at least 12 hours before the blood draw. Blood was drawn from the antecubital vein while the participants were seated. Anticoagulant-free vacutainer tubes were used. All blood analyses were performed at the central chemistry laboratory at University of Minnesota, Minneapolis. Serum glucose level was assessed using a modified hexokinase-glucose-6-phosphate dehydrogenase procedure, a glucose reference method of the Centers for Disease Control and Prevention, Atlanta, Ga. Information on race, sex, age, education, household income, presence of health insurance, history of hypertension, medication use, and smoking history was obtained from the home and clinic interviews conducted at the baseline visit. Height and weight were measured while participants were not wearing shoes. Body mass index at baseline was defined as the weight in kilograms divided by the square of the height in meters. Physical activity was assessed by interview based on a modification of the questionnaire developed by Baecke et al. 19 The results from the questionnaire were condensed into a continuous leisurerelated physical activity index of 1 to 5, with 1 indicating the lowest level of activity and 5, the highest level. Blood pressure was measured using a random-0 sphygmomanometer while the participant was seated and had no change in posture for 5 minutes. The mean of the second and third of 3 blood pressure measurements was used for our analyses.
OUTCOME ASSESSMENT
The primary outcome was early renal function decline, defined as a 35.4-µmol/L (0.4-mg/dL) increase in serum creatinine level from baseline to year 3. At baseline and year 3, creatinine level was measured using a modified vs 1.15 mg/dL]; P = .01). Table 2 shows the incidence of early renal function decline during the 3 years of followup. During this time, an increase in serum creatinine level of at least 35.4 µmol/L (0.4 mg/dL) developed in 70 participants. Of these, 45 were black (incidence, 28.4 per 1000 PY) and 25 were white (incidence, 9.6 per 1000 PY).
PREDICTORS OF EARLY RENAL FUNCTION DECLINE
Unadjusted associations between baseline characteristics and the development of early renal function decline are shown in Table 3 . Blacks were approximately 3 times more likely to have development of early renal function decline than their white counterparts. In addition, baseline serum creatinine level, systolic blood pressure, and serum glucose level were positively associated with the risk for early renal function decline. In contrast, greater educational attainment, possession of health insurance, annual household income of $16 000 or more, and higher leisure physical activity were associated with a lower rate of early renal function decline. Age, sex, body mass index, use of angiotensin-converting enzyme inhibitors, and smoking history were not associated with incident early renal function decline in this cohort. Table 4 shows the ROs of early renal function decline in blacks vs whites with sequential adjustment for groups of potential explanatory factors. Body mass index and use of angiotensin-converting enzyme inhibitors were not included in the multivariate models because they were not associated with early renal function decline in the unadjusted analysis. The baseline model was adjusted for kinetic Jaffe method. 20 Within the ARIC study, the shortterm, day-to-day, within-person variability for creatinine level is 4.3%, and the methodological variance is 4.6%. The minimal detectable change (⌬) at which one can be 95% confident that a subsequent creatinine value represents a true change from a baseline measurement is given using the following equation:
EXCESS RISK OF EARLY RENAL FUNCTION DECLINE IN BLACKS VS WHITES
where wp is within person variance, and m is variance due to the procedure for measuring serum creatinine level. 21 Thus, in the ARIC study, the minimal detectable difference at which one can be 95% confident that the degree of change in creatinine value represents a true difference is 15.9 µmol/L (0.2 mg/dL). 22 We examined changes that were twice this size, or at least 35.4 µmol/L (0.4 mg/dL) as markers of renal function decline.
STATISTICAL ANALYSIS
Initially, baseline characteristics of blacks and whites were compared using t tests for continuous variables and 2 tests for categorical variables. Next, we calculated incidence rates using the person-years (PY) approach and calculated 95% confidence intervals (CIs) using the method described by Kahn and Sempos. 23 Bivariate analyses were then performed to evaluate the association of each baseline variable with early renal function decline. Baseline variables were grouped as follows: (1) health behaviors, including smoking status (current, former, or never) and leisurerelated physical activity; (2) physiological variables, including fasting serum glucose level and systolic blood pressure; and (3) socioeconomic variables, including level of highest education achieved, annual household income, and possession of health insurance. Finally, we constructed a series of 5 logistic regression models to determine the relative odds (RO) of renal function decline in blacks vs whites after adjustment for the following: (1) age, sex, and baseline serum creatinine level; (2) age, sex, baseline serum creatinine level, and health behaviors; (3) age, sex, baseline serum creatinine level, and physiological variables; (4) age, sex, baseline creatinine level, and socioeconomic variables; and (5) all of the above variables simultaneously. The percent excess risk (PER) explained by a set of risk factors was calculated using the following formula: PER = (r B − r A )/(r B − 1), where r B is the RO of early renal function decline in blacks vs whites adjusted only for age, sex, and baseline serum creatinine level, and r A is the RO adjusted for age, sex, baseline serum creatinine level, and the above-listed variable sets. 24 This formula is an adaptation from the original, which is based on relative risks; however, ROs approximate relative risks when the outcome is uncommon (ie, affects Ͻ10% of the cohort, as in our study). The PER is calculated as a fraction of the partially adjusted excess risk (risk above and beyond the risk in whites, or a relative risk of 1). Thus, if the RO in blacks vs whites were 3.0, and adjustment for a set of variables were found to reduce this RO to 2.0, it would explain (3 − 2)/(3 − 1) = 50% of the excess risk in blacks compared with whites.
Interactions between risk variables for blacks and whites were also tested, and no statistically significant differences were found (data not shown). All statistical analyses were performed using commercially available software (SAS statistical package; SAS Institute, Cary, NC).
SUBSIDIARY ANALYSES
To determine the robustness of the main analysis, we conducted a series of 4 subsidiary analyses. The first analysis used a different measure of renal function decline, a 25% decline in estimated creatinine clearance from baseline defined by the Cockcroft-Gault formula. 25 The second analysis was performed after excluding participants with type 1 diabetes mellitus. To construct this subgroup, we removed participants who received a diagnosis of diabetes at 30 years or younger and who were taking insulin at the baseline visit (n = 80). A third analysis was performed using only participants with complete data on duration of diabetes obtained from questionnaires administered at the year 6 visit (n = 875). Finally, analyses were performed with continuous outcome variables for change in creatinine level from baseline and change in estimated creatinine clearance using linear regression. 
to the base model reduced the RO to 2.03, corresponding to a 52% reduction in excess risk. Finally, simultaneous adjustment for age, sex, serum creatinine levels, health behaviors, and socioeconomic and physiologic variables produced an 82% reduction in the excess risk for early renal function decline among blacks and reduced the RO to a level that was no longer statistically significant (RO, 1.38; 95% CI, 0.71-2.69).
To better understand the contribution of specific variables within each group, we conducted separate analyses that adjusted for age, sex, baseline creatinine level, and each variable separately. We found that income and education each explained 6% of the excess risk for development of early renal function decline in blacks compared with whites. Leisure-related physical activity and systolic blood pressure each explained 18%, whereas glucose level alone explained 32% of the excess risk. In contrast, insurance status and smoking history did not explain any of the excess risk for early renal function decline among blacks.
To determine the robustness of the results, we also analyzed the data using an alternate definition of early renal function decline, at least a 25% decrease in creatinine clearance calculated using the Cockcroft-Gault method. 25 Using this alternate outcome, there were 69 incident cases during 3 years of follow-up. Of those, 40 participants were black (25.2 per 1000 PY) and 29 were white (11.1 per 1000 PY). There was 84% agreement between individuals defined as having early renal function decline by this alternate definition and those defined by the development of a change in creatinine level of at least 35.4 µmol/L (0.4 mg/dL). Furthermore, this alternate definition led to similar results. After adjustment for age, sex, and creatinine level at baseline, the RO of developing at least a 25% reduction in creatinine clearance was more than 2-fold higher in blacks than whites (RO, 2.42; 95% CI, 1.45-4.03). Additional adjustment for smoking history and leisure physical activity level had almost no effect on the odds ratio (RO, 2.34; 95% CI, 1.36-4.02). However, adjustment for socioeconomic variables reduced the RO substantially (RO, 1.65; 95% CI, 0.93-2.95), corresponding to a 54% reduction in excess risk. Adjustment for systolic blood pressure and mean fasting glucose level led to a comparable reduction in the excess risk (RO, 1.73; 95% CI, 1.01-2.96; 49% reduction in excess risk). Finally, simultaneous adjustment for age, sex, serum creatinine level, health behaviors, and physiological and socioeconomic variables produced an 83% reduction in the excess risk (RO, 1.24; 95% CI, 0.65-2.36). Next, to better characterize the importance of type of diabetes in our analysis, individuals with type 1 diabetes mellitus were excluded (n = 80). The results of this analysis were similar to the results of the analysis using the entire cohort. The age-, sex-, and baseline creatinine level-adjusted odds ratio for development of early renal function decline in blacks vs whites was 2.7 (RO, 2.65; 95% CI, 1.50-4.68). Simultaneous adjustment for age, sex, baseline creatinine level, health behaviors, and physiological and socioeconomic variables resulted in a 73% decline in the excess risk for development of early renal function decline in blacks (RO, 1.45; 95% CI, 0.72-2.92).
Similar results emerged from a subgroup (n = 875) with data on diabetes duration. After adjustment for age, sex, baseline creatinine level, and duration of diabetes, early renal function decline was 3.1 times as likely to develop in blacks as in whites (RO, 3.12; 95% CI, 1.49-6.53). Simultaneous adjustment for age, sex, baseline creatinine level, duration of diabetes, health behaviors, and socioeconomic and physiological variables resulted in a 66% decline in the excess risk for development of early renal function decline in blacks.
Finally, we analyzed our results using continuous rather than dichotomous measures of early renal function decline, and the results were substantially unchanged. Adjustment for age, sex, creatinine level at baseline, health behaviors, and socioeconomic and physiological variables resulted in a 100% reduction in the progression of serum creatinine levels among blacks and a 66% reduction in the progression of declining creatinine clearance.
COMMENT
These data support 2 main conclusions. First, early renal function decline is 3 times more likely to develop in blacks with diabetes mellitus than in whites. Second, potentially modifiable factors, such as lower socioeconomic status, suboptimal health behaviors, and suboptimal control of glucose level and blood pressure, largely account for this disparity. Our study has several strengths, including its community-based sample, its prospective design, and its consistent results using several different definitions of early renal function decline. In particular, this is one of the few studies of black-white differences in renal disease with individual-level data on key physiological risk factors such as blood pressure and glucose level.
Nonetheless, several potential limitations of the study deserve comment. First, the study lacked data on microalbuminuria, a sensitive marker of early diabetic nephropathy. Since creatinine level change is a less sensitive marker, we likely misclassified some individuals with early diabetic nephropathy as "normal." Nevertheless, this definition is highly specific and represents a slightly later point in the natural history of diabetic renal disease. 26 Furthermore, without data on microalbuminuria, it is likely that some instances of renal function decline in our study ‡Socioeconomic characteristics include education, insurance status, and household income.
§Includes age, sex, serum creatinine level, cigarette smoking, physical activity, education, insurance status, household income, fasting glucose level, and systolic blood pressure.
were related to factors other than diabetic nephropathy (eg, hypertension, nephrotoxins). However, there are methodological advantages to lumping various types of renal pathology into a single outcome category, since renal disease in diabetes is often multifactorial, and since the classification of specific renal abnormalities without biopsy evidence is not definitive. 27 Second, the use of change in creatinine level as a measure of early renal function decline lacks the precision of sequentially measured glomerular filtration rate as a means of monitoring renal function. Nevertheless, the Modification of Diet and Renal Disease study identified a strong correlation (r = 0.73) between this measure and directly measured glomerular filtration rate for more than 1 year of follow-up. 28 Moreover, most previous prospective studies on the risk factors for progression of renal disease have used serum creatinine level as an outcome. [29] [30] [31] In addition, our results were remarkably similar using several different definitions of early renal function decline.
Third, since most of the black participants were from a single site (Jackson), we cannot exclude the possibility that geographic variation might have confounded our results. However, previous studies show little geographic variation in incidence rates of ESRD in the 4 states that serve as the setting for the ARIC study. (In 1992, ESRD incidence rates adjusted for age, sex, and race per million population were 166 in Maryland, 150 in Minnesota, 161 in Mississippi, and 168 in North Carolina.) 32 Fourth, information on age at onset and duration of diabetes was unavailable for 39.4% of the participants. Lack of information on duration makes distinction between types 1 and 2 diabetes mellitus impossible. Nevertheless, there is general consensus that the pathophysiological basis and risk factors for diabetic nephropathy are similar in both forms of diabetes. 33 Furthermore, subsidiary analysis restricted to individuals with type 2 diabetes mellitus suggests that these results are at least applicable to type 2 diabetes.
A final limitation of the study was the lack of data on glycohemoglobin, which is a more accurate measure of long-term glycemic control than is fasting serum glucose level. Nevertheless, fasting glucose levels were strongly associated with risk for early renal function decline in our study and have been found to correlate very well with overall glycemic control among individuals with type 2 diabetes mellitus who comprised most of our sample. 34 Furthermore, random misclassification related to imprecise characterization of glycemic control would likely have introduced a conservative bias toward the null.
Since 1973, there have been 11 studies looking at black-white differences in the progression to diabetesrelated ESRD. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 16 All have documented excess risk for blacks vs whites (median relative risk in blacks vs whites, 3.4; range, 2.6-5.3). Of these, only 4 studies had data on potential explanatory factors. [11] [12] [13] 16 Two of the studies examining the explanatory factors associated with blackwhite differences in the progression to ESRD were limited by a lack of individual-level data on renal disease risk factors.
11, 13 Byrne et al 13 looked at the impact of socioeconomic status on the incidence of ESRD related to diabetes using race-specific median family income by ZIP code. They found a positive correlation between incidence of ESRD and declining income in whites, but no significant relationship in blacks. Nevertheless, they lacked information on clinical risk factors or health behaviors. Brancati and colleagues 11 used statewide survey data to control for black-white differences in the prevalence of hypertension, diabetes, cigarette smoking, and poorly controlled hypertension, as well as completion of college education, income of at least $10 000, presence of health insurance, and presence of regular source of medical care using population level data derived from ZIP codes. Based on their analyses, those authors were unable to explain the increased incidence of ESRD in blacks based on a higher prevalence of known risk factors. However, compared with studies of individuals, ecological studies like these are especially susceptible to confounding and misclassification.
In a retrospective, clinic-based study of patients with diabetes and hypertension, Tierney et al 12 found that an increased incidence of early renal function decline (serum creatinine level Ն176.8 µmol/L [2.0 mg/dL]) among blacks persisted despite adjustment for differences in blood pressure and glucose level control between blacks and whites. 12 This clinic-based study, however, was limited by its use of nonstandardized measures of blood pressure as well as the fact that its subjects were selected from an urban university clinic and were therefore not representative of the general population. Perneger et al 16 combined data from an ESRD registry with survey information from patients. Their analysis only captured information on socioeconomic variables, including income level, presence and type of health insurance, and number of missing teeth. Adjustment for these factors partially explained the increased odds of ESRD in blacks with diabetes. Thus, none of these studies were fully able to explain the black-white disparity in diabetic renal disease. Nevertheless, all were limited by their inability to evaluate simultaneously the potential impact of racial differences in sociodemographic characteristics, physiological measurements, and health-related behaviors on the incidence of ESRD.
Because of US history, race is a complex variable, standing not only for ancestry, but also for an array of environmental, behavioral, and sociocultural factors. [35] [36] [37] Our analysis suggests that such nonheritable, potentially modifiable factors account for much of the excess risk for renal disease in blacks. Whether the remaining excess risk for renal disease in blacks left unexplained in the multivariate model is related to residual confounding due to inadequate precision in the measurement of renal disease risk factors or to differences in variables not included in our analysis is outside the scope of our study.
Our study has 2 possible implications. First, it suggests that major differences in renal function decline between blacks and whites occur early in the natural history of renal disease. This represents a point in the natural history where individuals are likely to be under the care of primary care physicians or endocrinologists, rather than nephrologists. Second, most of the excess risk for renal disease in blacks appears to be due to potentially modi-fiable factors such as control of blood pressure and glycemia and to socioeconomic markers related to access to health care. Thus, our results suggest that interventions to reduce black-white disparities in renal disease should be aimed at improving health care for blacks early in the course of their diabetes.
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